ABSTRACT We analyze the consumption of water and energy produced by tourist swimming pools and how it affects the water needs of the destinations, as well as the carbon footprint generated by the production of this water by industrial methods. By means of the data of water consumption from 42 tourist swimming pools on the Canary Islands (Spain), we investigate the expenses associated with them by means of simple and multivariate linear regression methods, obtaining the characteristic function that defines the water and energy consumption. With the algorithm obtained and the data of all the tourist swimming pools in the region, the water needs for the collective whole of these facilities were calculated. Considering that more than 90% of the drinking water supplied in the islands comes from desalination plants using seawater reverse osmosis (SWRO), it is hypothesised that all supplies will be satisfied through these types of installation, calculating the energy requirements and the Scope 2 carbon footprint of generating the water needed to meet the requirements of all swimming pools. It can be observed that the carbon footprint is 28.16% higher through centralized production, compared with local production, due to large losses in the supply networks. The generation of the water necessary for tourist swimming pools through SWRO would represent between 0.089% and 0.114% of all emissions in the region, according to the type of supply, local or centralized, respectively-extremely significant values and equivalent to the biological treatment of all solid waste from the islands.
I. INTRODUCTION
The importance of tourism is increasing year on year and is currently ranked third as a global export category [1] . It has become an important pillar in job creation and local economic improvement [2] . The increase in tourism also brings with it higher energy and water requirements [3] , due to the consumption of establishments and the need for the industrial generation of water through the desalination of sea water thanks to overexploitation of aquifers and climate change [4] , which is reducing surface drinking water. The global projections for 2030 are double the number of tourists compared to 2015 [5] , which will lead to a clear increase in energy and water supplies to tourist establishments to cope with this growth in tourism.
Global consumption of drinking water due to tourism is very difficult to quantify because of the lack of real data [6] , but it has been estimated to represent 0.04% of total consumption of drinking water [7] . The consumption of drinking water in relation to the total of the region varies greatly according to the destinations and the geographical areas [8] , the consumption per overnight stay also being different according to the type of hotel and the destination. Examples include 175 litres per overnight stay (L/p) in France [9] , 1802 L/p in the Philippines [10] , and between 300 and 850 L/p in various areas of the Mediterranean [11] . The impact of tourism on water consumption has also been studied in a number of areas, such as Hawaii [12] , where the importance of the number of golf courses and resort pools over total consumption was verified, the Canary Islands (Spain) [13] , [14] , where water and energy consumption were modelled in hotels, Malta, where consumption from swimming pools and spas in establishments represents 38% of the total water costs of the island [15] , and the island of Mallorca (Spain), where the significance of swimming pools in the water consumption of hotels was evidenced [16] . Carbon footprints and tourism emissions were also studied in several destinations -for example, the investigations carried out to verify the differences between tourism emissions and those of residents in Spain [17] , to study the impact of tourism on the island of Menorca (Spain) [18] , and also for the average of 58 luxury hotels in Taiwan [19] and several hotels in Britain [20] -showing us the variability of emissions according to destinations and establishments.
The consumption of water in swimming pools due to evaporation alone has been studied by multiple authors, through physical methods and adjustments of experimental correlations, obtaining the typical values of indoor and outdoor swimming pools. The form of the characteristic function of these studies is as follows:
Where ''T '' is the evaporation rate per unit of water surface, ''α'' and ''β'' are the coefficients of the correlation, ''v'' the mean air velocity, ''P w '' partial vapor pressure of the air saturated to the water temperature, and ''P a '' partial vapor pressure of the air. These evaporative models have been extensively studied, the most widely-used function being the one proposed by Carrier [21] in 1918, which is recommended in the application books of the American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE) [22] . Other authors have also carried out investigations, considering other variables of calculation, such as the number of bathers in the swimming pool, which can increase consumption between 40% and 70% compared to one which is unoccupied and still [23] , [24] , depending on the type of surroundings of the swimming pool (e.g., if it is indoors) [25] , or air velocity a combined with the number of users [26] . Shah also performed studies for indoor swimming pools, considering air density [27] , as well as for all types of swimming pool vessels, obtaining different correlations according to their characteristics [28] . For outdoor swimming pools, losses due to solar heating have also been studied according to the irradiation of the geographical location [29] . Neuronal analysis methods have also been used for calculations of the evaporation of indoor pools [30] .
All of these studies only calculate losses by evaporation, without taking into account the other losses suffered by swimming pools over the course of their operation, which, as estimated, in California (USA) [31] is extremely significant, evaporation being responsible for only 56% of the water refills, while the cleaning filters correspond to 23%, and various other losses the remaining 21%, proving the importance and necessity of carrying out studies that take into account all the water losses, and not just evaporation. The water demands of swimming pools with respect to the destination has also been studied for several regions, such as on the island of Mallorca (Spain) [32] and in Cape Town (South Africa) [33] , [34] , highlighting the importance of these facilities in the total consumption of drinking water in these regions, and the need to reduce it.
Based on the literature review of previous research, the need to carry out a study on the water consumption of tourist swimming pools is highlighted, taking into account not only losses due to evaporation, but also the whole set of losses that are generated by a swimming pool, such as those produced by filter cleaning, pipe and vessel losses, occupancy, maintenance, etc., the optimum form of calculation being by means of a statistical system with data from actual tourist pools in continuous operation. To carry out this research, the archipelago of the Canary Islands (Spain) located in the Atlantic Ocean [35] was chosen, where the tourism sector is the main driver of the economy, representing 31% of gross domestic product (GDP) and generating 36% of the employment on the islands [36] . 63% of the area of the archipelago has been declared a Biosphere Reserve by the United Nations Educational, Scientific and Cultural Organisation (UNESCO) [37] . At this destination, tourist swimming pools are those in hotel establishments (hotels, apartment complexes, hostels etc.) and represent more than 57% of the total number of swimming pools on the islands, not counting those owned privately by individual homeowners. In addition, 43% of the surface area of the archipelago is considered as arid [37] . Therefore, it is necessary that most of the drinking water consumed is generated industrially in desalination plants using seawater reverse osmosis (SWRO) [39] .
II. METHODOLOGY
To obtain the calculations for consumption, we collected the data from 42 tourist swimming pools on the archipelago, which was provided by the management of the establishments. The sample period varies from a minimum of 6 months to a maximum of 10 years, from 2007 to 2016. variables of the swimming pools, and for both combined. Check the model that best fits by the value of R 2 and the square root of the mean square error (=RMSE), as well as its possible autocorrelation. 5. With the regression algorithm of best fit obtained, the estimation of water consumption for all tourist swimming pools in the Canary Islands -daily, m 3 /day and annually, m 3 /year -is made. 6. Considering the energy consumption ratios for water production in kWh/m 3 , calculated by means of the weighted average of the data from the SWRO plants of the islands, and considering the losses in the distribution system of the supply networks per island, we calculate the necessary energy consumptions in kWh to generate the value of all the water consumed in the supply of the tourist pools. 7. Calculate the carbon footprint of Scope 2 for the generation of the water required to cover the needs of the pools, considering the emission factor of electricity for the Canaries, in kgCO 2 /kWh. 8. Conclusions of the research and future needs for the reduction of water and energy consumption. To calculate the CO 2 emissions of electricity, due to the change in the emission factors of the monthly electricity generated, the annual weighted average coefficient of the emissions from 2016 were used, this being the year chosen as the basis for the calculation of the kgCO 2 /kWh of energy consumed -data supplied by Spanish Electric Network (REE) [40] . Figure 1 shows the research flow for this study of water consumption and emissions in tourist swimming pools. 
III. ANALYSIS OF DATA
In Spain, public and private swimming pools in communities must be authorised and registered by the National Swimming Pool Information System (SILOE) [41] , which is the sanitation information system that collects all data on swimming pools and water quality. For the development of this research, the data from all the swimming pools in the autonomous region of the Canary Islands (Spain) has been obtained, showing a total of 3,565 swimming pools, of which only the swimming pools with volume greater than 5 m 3 are considered, given that those with a volume equal or inferior to this number have a negligible level of consumption to impact the total for this investigation. The total number of swimming pools larger than 5 m 3 is 3,317; a volume of stored water of 894,384 m 3 . Within this number of swimming pools, we study only the ones belonging to tourist establishments, which represent 57% of the total, with 1,890 pools, and 54.1% of the volume of stored water, with a total of 484,290 m 3 . In the following Table 2 , the distribution of swimming pools by type -climatized, cold, internal or external -appear.
A. CALCULATIONS OF WATER LOSSES
With the consumption data obtained from all swimming pools, once filtered and conditioned, the calculation of the weighted average consumption of each installation is performed, obtaining a value of water consumption per day in m 3 , and in the daily percentage of water consumed from the total volume of the pool. With these values obtained, we performed the simple and multivariate linear regression calculations, regarding the volume and the surface of the pools, comparing the obtained values using the regression index R 2 of Karl Pearson [42] to justify their greater or lesser correlation [43] , [44] . We compared the precision of the different regressions calculated by calculating the RMSE. To verify possible autocorrelation problems, we also performed the Durbin-Watson index (DW) [45] - [47] . The functions used are as follows:
Simple regression trend line graphs.
Where ''t'' is the number of observations, ''u'' is the residuals of the estimates, the subscript ''p'' being the predicted residue and ''o'' the observed residue.
With the data obtained, the following simple regression graphs shown in Figure 2 were generated, where the trend lines and distribution of the points of dispersion of the daily water losses are observed, with respect to the volume or surface area of the swimming pools. We observed how the volume is the main factor for the calculation of water consumption, with a potential characteristic function that is adjusted in 85.15% of cases with an RMSE value of 2.92, while the function of the surface is adjusted to 83.33% of the cases and with an RMSE value of 3.78 -this value being higher than that of the volume variable, which is rejected. Both DW statistics are close to 2, which implies that there is no problem of autocorrelation. It is important to note that in these total loss calculations, consumption is the sum of all possible losses, not only evaporation, which depends mainly on the surface exposure, but also on leaks in pipes and vessels, maintenance, filter cleaning, etc., which is why the volume of the pool and not the surface area is the determining factor in the total losses, as could be foreseen.
The multivariate linear regression calculations have given us some prognostic graphs with respect to the real values shown in Figure 3 , where the dispersion of the values is observed. The calculated correlation index R 2 has a value of 0.7730, which is lower than those calculated for the simple regression, while the RMSE value is 2.78. The value of the DW statistic is 2.33, which means that there is no autocorrelation problem there either. It can be verified in the graphs that the values predicted with the volume variable have a lower dispersion, while with the surface variable, they have a higher and more erratic dispersion, which does not fit with the observed levels of consumption in most of the cases. Table 3 summarises the calculated values for the simple regressions of the linear, exponential and potential models, as well as for multivariate linear regression. We verified how the potential function with respect to the volume variable has higher correlation indexes than the rest, while the RMSE value is very close to the value of the linear function for the volume or the multivariate. However, we decided to use the potential for the greater percentage of values adjusted to this characteristic function. We took the characteristic algorithm of daily water consumption for the tourist swimming pools in the Canary Islands -the one defined by the simple regression potential with respect to the volume, as shown below:
Where ''P'' represents total swimming pool losses in m 3 /day, ''V '' represents the total volume of water in m 3 .
The calculation of the estimated daily losses is done by means of the algorithm previously shown, from which, together with the pool data from the different islands, we obtain the water needs per island and the total of the archipelago. Table 4 shows consumption by island, both daily and annually, where it is verified that the water requirements for the maintenance of the swimming pools are higher than 3.3 Hm 3 per year -with 66% of the consumption being for the islands of the province of Las Palmas and the remaining 34% for the islands of the province of Tenerife. It should be noted that the islands of Fuerteventura and Lanzarote, whose combined annual water needs for swimming pools total almost 1.2 Hm 3 , currently come directly from SWRO desalination plants, since there are no surface or underground aquifers for use. With the data calculated, considering that the produced and billed drinking water in the Canaries for 2014 was 138.59 Hm 3 [39] , and given that all the water was produced and supplied by external, centralised desalination, representing 2.39% of the total water produced, the need for an increase in current production is implied -in the case of wanting all production supplied through centralised SWRO.
B. CALCULATION OF ENERGY TO PRODUCE THE WATER
The drinking water consumed in the Canaries is generated mainly by the desalination of sea water, reaching 90.5% of the total supplied and billed for 2014 [39] -this percentage varying among the different islands of the archipelago. For the remaining irrigation or industrial supplies, groundwater and surface water are mainly used -although desalinated water is also used on islands lacking these resources. Due to the low refill rate of underground aquifers, which in recent years have suffered a decrease in natural reserves of 36.4% in Gran Canaria and 35.3% in Tenerife [48] , this type of supply is also migrating towards desalination through SWRO.
To calculate the energy consumption of water production, we hypothesised that all water will be supplied by SWRO desalination plants, with two delivery models: centralized for multiple users through distribution through existing pipelines, and local desalination plants located in or near tourist establishments. To obtain this data, we considered the energy consumption of desalination plants according to the coefficient of generation in kW consumed /m 3 generated , for which we have the values of several medium local plants with a production level of less than 500 m 3 /day, and large centralised production plants greater than 2500 m 3 /day [49] . With the generation data of the SWRO plants, we calculated the weighted average of all of them, obtaining the consumption ratios characteristic for each model of plant and type of supply. With these values obtained, they were used as a base for all desalination plants in the Canary Islands. In Table 5 , the calculation data of the various SWRO plants are shown. Plant data has been supplied by the managers of each facility; the names of each plant are coded for data protection. With the coefficients of energy consumption to produce water of the two types of SWRO plant, we calculate the values of the energy consumption necessary to supply the water to the swimming pools. Table 6 summarises the calculations made, showing consumption by island, where the losses from the supply networks of each island were considered in the calculations of centralised plants; taking the official data for losses, the various hydrological plans approved for Fuerteventura [50] , Lanzarote [51] , Gran Canaria [52] , Tenerife [53] , La Gomera [54] , La Palma [55] , and El Hierro [56] . We can verify that production at local desalination plants compared to the centralised ones -not taking into account losses within the supply network -is 3.6% higher. However, considering the losses within the supply network, consumption from the centralised plants is 28,16% higher than from the local plants.
C. CALCULATIONS OF CO 2 EMISSIONS
To carry out the calculation of the carbon footprint of the water production, the GHG Protocol [57] was chosen from within the multiple existing procedures and standards [58] , this model being the most widely-used by organisations worldwide. In the GHG protocol, three Scopes are distinguished for the carbon footprint, of which we will only calculate in Scope 2 -that is due to the indirect emissions of GHG associated with electricity, for which we need the emission coefficient of the electrical energy consumption (kgCO 2 /kWh) for the islands, once we have the total energy consumption.
The archipelago of the Canary Islands, among its peculiarities, has a very important one, which is the configuration of its electrical system, constituted as it is of six independent subsystems, one per island -minus the islands of Fuerteventura and Lanzarote, which are interconnected by submarine cables [40] . This uniqueness means that electricity production systems cannot take advantage of the economy of scale to vary and adjust the load between the different generating systems, and they must have a greater capacity of generation to be able to cover all the possible variations of load. In addition, the current production technology in the Canary Islands is based on non-renewable fossil fuels, which produce 92.1% of the total energy [59] , generating a large external energy dependence, and very high average CO 2 emission coefficients of 0.777 kg CO 2 /kWh. Considering the emission factors and the total emissions generated at the generation points, the calculation for the point of consumption -which in these cases are SWRO desalination plants, either centralised or local -must be considered to explain losses in the electrical grid, which in Spain are legislated for [60] . 6% are considered for medium voltage supplies with local transformers, leaving us an emission value for Canarian electricity of 0.824 kg CO 2 /kWh consumed.
The characteristic algorithm that defines the daily emissions of the tourist swimming pools in the Canary Islands is represented by the following function:
· Ee · Ws 1 − Lc Where ''E w '' represents emissions associated with swimming pools in kg CO 2 , ''V '' is the total volume of water in the pool in m 3 , ''E e '' is the value of the emissions from electricity in kg CO 2 /kWh, ''W S '' is the characteristic value coefficient of generation in kWh consumed /m 3 generated , and ''L c '' is the losses in the pipelines of the water supply network.
With the previously calculated data of the necessary electrical energy and the emission coefficient, we can already calculate Scope 2 and check the carbon footprint of the water used for swimming pools. Table 7 below summarises the calculations of the total island emissions computations for centralised SWRO, considering the losses of the water supply network and for local SWRO. The great difference between emissions from local and centralised desalination plants is observed, with the reason being that the losses in the supply networks have very high values. Figure 4 shows the emissions by island, depending on the type of desalination system used, as well as the percentage difference of emissions between the centralised or local models, the smaller islands being those which have greater differences, since their networks of distribution are older and often obsolete, with higher water losses.
Taking into account the hypothesis presented, where all the water for tourist swimming pools is generated by SWRO desalination plants, and with the current data of generation and emissions of electricity, the electrical consumption necessary for the generation of water for the maintenance of swimming pools would represent 0.156% of the annual electricity generation for local desalination plants; 0.2% over the total for the centralised desalination plants, according to data from the year 2016 [40] . The emissions produced by SWRO for the generation of swimming pool water would be of great importance within the total CO 2 emissions of the Canary Islands [61] , [62] , as it would account for 0.089% of total emissions for local desalination plants and 0.114% for centralised desalination plants, which are very important values, being higher than the equivalent to emissions due to VOLUME 6, 2018 the treatment and elimination of all solid waste by biological treatments in the Canaries. With these results, the importance of reducing water costs in swimming pools and increasing the percentage of electricity generation by means of renewable energies is verified, which would help to achieve a considerable reduction in the emissions that are due to the production of water for the maintenance of the tourist swimming pools in the Canary Islands.
IV. DISCUSSION
Swimming pools are an important, and almost essential, facility in current tourist establishments, so that the number of them and the water consumption due to their maintenance will continue to increase in the future, motivated by the ongoing, continuous growth in tourism.
It has been shown that the function that best defines consumption in swimming pools is a potential function, depending on the volume, due to the sum total of consumptions due to evaporation, filter cleaning and various other losses, which are defined by the following function:
With this data, it is possible to verify the importance of the construction methods used in swimming pools, and the need to reduce the number of pools per establishment, as well as to group existing ones in a single vessel, since the consumption of several isolated pools is superior to a single one of the same total volume equivalent, average consumption being 4.28% higher for each pool than for a single, large one, as shown in Figure 5 , which shows the water losses of a swimming pool, and the equivalent of dividing the total volume of this into several smaller swimming pools.
The water consumed by the swimming pools in the Canary Islands must be obtained through industrial production, since they cannot count on the underground or surface resources, which cannot be maintained in time due to the insufficient refill rates of the aquifers, the SWRO desalination system being the chosen one. The alternatives proposed are through local desalination plants, which will be applicable to installations whose proximity to the sea makes it possible to install them, since energy consumption and emissions are 28.16% lower than for centralised plants, due to losses in the supply network, which vary according to the islands. It is also necessary to modernise existing plants by replacing membranes or installing energy recuperators, which can reduce the energy consumption of plants by up to 41%.
The emissions due to water production are also very substantial, considering that the emission factors of the Canary Islands are very high because of the lack of generation by means of renewable energies. It is therefore necessary to obtain a water/energy binomial based on sources of clean primary energy to reduce the carbon footprint of tourist swimming pools, which would represent up to 0.114% of the entire carbon footprint for centralised desalination plants in the Canary Islands.
Summarising the actions needed to achieve these energy and emissions decreases for tourist swimming pools, considering that they are facilities belonging to tourist establishments which need to be transformed into zero -or nearly zero -energy buildings (ZEB, nZEB), they can be classified in the following way:
External or indirect improvements: the establishment cannot act directly, but, rather, they can influence the energy consumption and the global carbon footprint of the area and of the establishment itself:
• Repairs, decreasing water losses in pipelines and supply networks.
• Increase production through clean and renewable energies of the electrical supplies of the islands.
• Modernisation of desalination plants to increase their efficiency.
• Decentralise water production through small SWRO plants with reduced distribution lines to fewer clients. Internal or direct improvements: to be carried out by the establishments, directly influencing their energy consumption and carbon footprint.
• Reduction in the total volumes of the tourist swimming pools by limiting the depth and reducing the total surface area, but without affecting the comfort of the client.
• Group several swimming pools into one of equal or lesser total volume.
• Produce the water through high efficiency SWRO desalination plants, located on the establishments' own premises.
• Use renewable sources to produce the energy needed to generate the water.
• Substitution of the type of pool water, changing the potable water currently used for salt water by means of water pumping from wells of marine infiltrations.
• The implementation of policies and models to reduce water consumption by utilising appropriate technologies that reduce losses through evaporation, frequency of filter cleaning, and other causes and practises within the establishments. In future research, the importance of losses due to evaporation, cleaning and other causes, and emission reduction systems through alternative desalination and water generation technologies must be studied.
V. CONCLUSIONS
The impact of tourism on greenhouse gas emissions, focused on a specific aspect of water use, has been determined through the indirect analysis of water management in hotel swimming pools. It is concluded that water consumption associated with swimming pools is in function of power usage, depending on the volume.
The emissions due to energy to produce the water necessary for maintaining swimming pools are significant in the Canary Islands, where the generation of energy depends almost exclusively on fossil fuels. In addition, hotels located along the coastline near the sea have the possibility of installing local desalination plants with energy consumption and emissions lower than centralised plants. The annual emissions associated with swimming pools, according to their volume, are estimated to be 3.4 kgCO 2 /m 3 in local desalination systems, and 4.36 kgCO 2 /m 3 in centralised desalination systems.
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